OBJECTIVE -In the context of the QuED (Quality of Care and Outcomes in Type 2 Diabetes) project, we evaluated the longitudinal changes over 3 years in quality of life (QoL) in patients with type 2 diabetes according to the presence or the development of erectile dysfunction (ED).
CONCLUSIONS -This longitudinal study documents for the first time the impact of ED onset on several aspects of QoL in patients with type 2 diabetes. The study also shows that QoL tended to further decrease during 3 years in patients with ED at baseline but not in those without this condition.
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E rectile dysfunction (ED) has a broad negative impact on health-related quality of life (QoL) in patients with type 2 diabetes (1). An international multicenter disease registry of men with ED has also shown that diabetic men with ED appear to have more severe dysfunction than nondiabetic men with ED and also present with worse disease-specific health-related QoL (2) .
Most of the information about the impact of ED on QoL comes from crosssectional studies involving the general population (3) (4) (5) . Information on patients with diabetes is extremely scarce (1, 2) , particularly that describing the trend over time of QoL in patients with ED (2) ; furthermore, no data are available regarding the changes in QoL produced by the onset of ED.
In the context of the QuED (Quality of Care and Outcomes in Type 2 Diabetes) project we have previously documented the fact that patients with ED at study entry had a significantly worse QoL compared with those not suffering from this complication (1) . The aim of this study was to describe the longitudinal changes over 3 years in QoL scores in patients who developed ED during the study and in those who already had ED at study entry.
RESEARCH DESIGN AND METHODS -
The study design has already been described in detail elsewhere (1) . Briefly, physicians were identified in all regions of Italy and selected according to their willingness to participate in the project. Overall, 114 diabetes outpatient clinics and 112 general practitioners participated in the study.
All patients with type 2 diabetes were considered eligible for this project, irrespective of age, duration of diabetes, and treatment. In diabetes outpatient clinics, patients were sampled by using random lists, stratified by patient age (Ͻ65 or Ն65 years). Each center was asked to recruit at least 30 patients, whereas general practitioners enrolled only those patients for whom they were primarily responsible for diabetes care. Clinical information was abstracted from clinical records by the participating physicians and reported in ad hoc forms. Data were collected at baseline and at 6-month intervals for 3 years.
Baseline clinical variables referred to the last value in the previous 12 months. Because normal ranges for HbA 1c varied among the different centers, the percentage change with respect to the upper normal value (actual value/upper normal limit) was estimated and multiplied by 6.0. Cardiovascular disease (CVD) included myocardial infarction, angina, coronary revascularization procedures, stroke, and lower limb complications (claudication, ulcer, gangrene, amputation, and aortic-femoral revascularization procedures).
All subjects were asked to complete a questionnaire upon entry into the study and at 6-month intervals over a period of 3 years. The questionnaire was selfadministered and then sent anonymously to the coordinating center in prepaid envelopes. The matching between clinical data and the questionnaire was made possible through a code put by the physician on both sources of information. No other details on patient identity were contained neither in the questionnaire nor in clinical data.
The presence of ED was investigated by asking the patient how often he had experienced problems in achieving and maintaining an erection during the past 6 months, with responses calibrated on a 5-level scale (from never to more than once per week). We considered only those patients who reported frequent erectile problems (almost every week or more than once a week) as being affected by ED. Incident cases of ED were considered those patients without ED at baseline who reported frequent erectile problems during the follow-up. The presence and severity of diabetes complications and comorbidities were summarized by using the Total Illness Burden Index (TIBI), a widely used comorbidity measure specifically developed for outpatient populations (6) .
QoL
QoL was assessed using the SF-36 Health Survey, a generic measure covering eight dimensions: physical functioning, role limitations caused by physical health problems, bodily pain, general health perception, vitality, social functioning, role limitations caused by emotional health problems, and mental health (7) . Scores on all the subscales are transformed linearly to a possible range of 0 -100; higher scores indicated more favorable physical functioning/psychological well-being. These eight domains may be further aggregated into two summary measures: the physical component summary measure and the mental component summary measure (8) .
Depressive symptoms
The Center for Epidemiologic StudiesDepression (CES-D) Scale is a selfr e p o r t e d m e a s u r e o f d e p r e s s i o n composed of 20 items addressing symptoms of depression during the previous 4 weeks. Values of the CES-D Scale range from 0 to 60 with higher values indicating more severe depressive symptoms (9) .
Quality of sexual life
We evaluated the quality of sexual life using the Sexual Life Questionnaire composed of six items. The score ranges between 0 and 100, with higher values indicating better quality of sexual life. Details on the questionnaire validation have been reported in a previous paper (1) .
Statistical analysis
Patients' characteristics according to the presence/development of ED were compared using the 2 test for categorical variables and the Mann-Whitney U test for continuous variables. Changes in QoL scores during the study were calculated as the difference between baseline and last follow-up value and compared using the paired t test. Effect sizes were calculated by dividing the changes in each QoL score by the SD of that score estimated at baseline on the entire sample.
To account for the hierarchical nature of the data (repeated measurements within patients) and to control simultaneously for the possible confounding effects of the different variables, we utilized multivariate multilevel linear models (10, 11) . In our longitudinal analysis, which evaluated factors associated with a decline in QoL measures, multilevel methods allowed to appropriately model within-and between-patient variability (12) .
Among baseline patient characteristics, the following sociodemographic and clinical characteristics were considered: age, school education, marital status, diabetes duration, previous history of a cardiovascular event, diabetes therapy, hypertension, presence, and severity of comorbidity (TIBI). We considered the occurrence of ED and the incidence of CVD events during the follow-up as timedependent covariates.
Results are expressed in terms of standardized ␤ parameters with the relative P value. Standardized ␤ parameters indicate the changes over time in QoL measures with respect to baseline for patients without ED and those with ED at baseline. For patients who developed ED during the follow-up, the ␤ parameters show the average change from before to after the development of ED. All the analyses were performed using SAS Statistical Package, version 8.2 (13) .
RESULTS -The study involved 1,456 patients, of whom 500 patients (34%) reported frequent erectile problems at study entry and 192 patients (13.2%) developed ED during the followup. Patients' characteristics according to the presence or development of ED are reported in Table 1 . Patients who developed ED were older; had longer duration of diabetes, worse metabolic control, and a higher TIBI score; and were more often treated with insulin and affected by hypertension, neuropathy, micro-or macroalbuminuria, or CVD compared with those without ED. With respect to patients with ED at baseline, those who developed ED during the follow up were less often treated with insulin, less likely to have retinopathy, and showed a lower TIBI score.
The analysis of QoL scores during 3 years of follow-up showed that no major changes were present among patients without ED, except for a slight improvement in depressive symptoms (P ϭ 0.016) ( Table 2 ). In individuals with ED at baseline we documented a worsening in the physical dimensions of the SF-36, which reached the statistical significance for physical functioning (P ϭ 0.003) and the physical component summary measure (P ϭ 0.008). Among men who developed ED during the follow up, all the QoL measures showed a deterioration, reaching statistical significance for physical functioning (P ϭ 0.04), the physical component summary measure (P ϭ 0.018), and quality of sexual life (P Ͻ 0.0001).
Patterns of QoL measures from 24 months before the onset of ED to 18 months after the onset of ED are displayed in Fig. 1 . For all the SF-36 dimensions, a deterioration in QoL seems to precede the development of ED. In particular, in looking at the physical and mental compon e n t s s u m m a r y m e a s u r e s , t h e deterioration in the physical domain seems to precede by 6 months the decrease in the psychological well-being. The onset of ED is clearly associated with a further decrease in all the scores, which reach the lowest level concomitantly with its occurrence. Similarly, a worsening of depressive symptoms precedes the onset of ED, reaches its highest level concomitantly with it, and tends to plateau thereafter. As expected, erectile problems are associated with a steep decline in the quality of sexual life.
Multilevel models confirmed that no changes in QoL measures were detected during 3 years in men without ED, with the only exception being a marginally significant improvement in the social functioning SF-36 subscale (Table 3) .
Among patients with ED at baseline, a worsening in all SF-36 scales was observed, even though statistical signific a n c e w a s r e a c h e d f o r p h y s i c a l functioning only. The severity of depressive symptoms also slightly increased. On the other hand, the quality of sexual life score tended to improve (Table 3) .
Among the patients who developed ED during the study, this condition was associated with a marked worsening in the physical functioning, general health perception, and social functioning SF-36 subscales as well as in the summary physical component score. The development of ED was also associated with a highly significant increase in depressive symptoms and a marked decrease in quality of sexual life (Table 3) .
Among the other variables investigated, the severity of diabetes and its complications as summarized by the TIBI and the presence of CVD represented the strongest predictors of decline in all the scales. Low levels of school education and older age also predicted a worsening in the physical components of SF-36 (Table  3) .
CONCLUSIONS -A few cross-sectional studies have described the association between the presence of ED and poorer QoL (1) (2) (3) (4) (5) ; nevertheless, no longterm, longitudinal evaluation of the impact of this condition on physical and psychological well-being is available. We describe for the first time changes in QoL occurring over 3 years in men with type 2 diabetes and ED and the deterioration in QoL subsequent to the development of ED. In our study, QoL remained substantially unchanged among patients without erectile problems, whereas men with ED at baseline showed a significant deterioration in physical functioning. This finding can be related to the more severe clinical conditions of these patients, who show a markedly higher prevalence of micro-and macrovascular complications, as well as significantly older age. It is interesting to note that men with ED at baseline showed a statistically significant improvement in the quality of their sexual life. A noteworthy occurrence is that sildenafil became available on the market in Italy in 1998, concomitantly with the collection of the baseline data for our study. Therefore, although we do not have information about the use of this drug, it is reasonable to assume that such an improvement may be at least partially related to the availability of new effective oral treatments for ED.
The study offered a unique opportunity to evaluate QoL in patients with type 2 diabetes before and after the onset of ED. From a clinical point of view, men who developed ED during the follow-up had more severe clinical conditions at baseline compared with those without ED but very similar to those who had already reported erectile problems at study entry. These findings suggest that the presence of ED should be regularly investigated in patients with type 2 diabetes of longer duration, particularly when associated with micro-and macrovascular complications.
Patterns of QoL scores before and after the onset of ED suggest that a deterioration in physical well-being, followed by a worsening in psychological well-being, precede the development of sexual problems, thus suggesting an interplay between clinical and psychological factors in determining ED. Such a decline in QoL was not attributable to the incidence of new CVD events; in fact, only 8 of 192 patients who developed ED during the study also experienced a CVD event before ED onset. An alternative explanation for these findings could be represented by the occurrence of subtle pathological changes affecting the biopsychosocial functioning of the patient before manifestation of objective signs.
Erectile problems further deteriorate a patient's health perception: for all the aspects investigated a worse score was reached concomitantly with the reporting of erectile problems. These findings were confirmed by multilevel analyses suggesting a greater impact of ED on physical functioning, depressive symptoms, general health perception, and social functioning. As expected, the dimension of QoL more seriously affected was represented by quality of sexual life, showing a dramatic decline as a consequence of ED onset.
Our data underline the importance of monitoring patients' physical and emotional well-being: a deterioration in these aspects of QoL can represent an alarm bell for the development of sexual problems that will further contribute to worsen subjective health perception. Because patients could be reluctant to discuss their sexual problems, physicians should actively investigate these aspects in the light of the availability of effective treatments. In this regard, several studies have shown the positive effects of therapy on different aspects of QoL (14 -17) . Two potential methodological limitations of our study need to be discussed. The presence of ED was based on patient self-report, without any attempt to clinically confirm the diagnosis. Nevertheless, subjective evaluation of the individual's erection and satisfaction for sexual life are more likely to influence psychological well-being rather than the objective evaluation of the degree of ED. Second, we had no information on the use of treatment for ED after its diagnosis. Therefore, QoL scores after the onset of ED could have been at least partially influenced by such therapies and the impact of ED could be even greater than that documented.
In summary, this longitudinal study documents for the first time the impact of the onset of ED on several aspects of QoL in patients with type 2 diabetes. The study also shows that QoL tended to further decrease during 3 years in patients with ED at baseline, but not in those without this condition. 
